PAtIEnts And mEthods
This prospective randomized study was conducted in a group of 68 patients with type 1 diabetes, of whom 52 completed the study (27 women and 25 men; mean age, 33.6 ±11.1 years). Patients were treated in the years 2010 and 2011 at the Department of Diabetology, Poznan University of Medical Sciences, Poznań, Poland. All patients had type 1 diabetes diagnosed by autoimmune antibodies and were treated with intensive insulin therapy. Thirty-three patients received metformin and insulin therapy (metformin group), while the remaining 19 patients were treated with insulin alone (control group).
The inclusion criteria were as follows: age between 18 and 60 years, duration of diabetes more than 5 years, lack of metabolic control (hemoglobin A 1c [HbA 1c ] over 7.5% despite participation in the World Health Organization education program) and intensive insulin therapy.
The exclusion criteria were as follows: metabolically decompensate diabetes with acetonuria, suspected lack of compliance as well as glucose and ketone self-monitoring, hypoglycemic unawareness or recurrent severe hypoglycemia (defined as more than 2 episodes of hypoglycemia with impaired glucose metabolism (prediabetes) have their glycemic parameters strictly controlled as a major way to improve their lipid profile.
4 A different approach is recommended based on the underlying pathophysiology. In insulin deficiencies (type 1 diabetes), supplementation of insulin is the therapy of choice. In diabetes with impaired insulin sensitivity, the initial treatment includes agents that increase tissue sensitivity to insulin, such as biguanides (metformin).
5 In addition, metformin inhibits the absorption of carbohydrates from the digestive tract and hormone--sensitive lipase in the adipose tissue, endogenous synthesis of triglycerides in the liver, and has a desired effect on the serum lipid profile.
1 Although there are no doubts about the benefits of this treatment in patients with type 2 diabetes, 6-8 little is known about the effects of metformin on lipid profile in patients with type 1 diabetes. 9 The aim of our study was to assess the effect of combination therapy with metformin/insulin vs. insulin alone on the lipid profile (total cholesterol, LDL and HDL cholesterol, triglycerides) and the pool of atherogenic oxidized and glycated LDL among young patients with type 1 diabetes and concomitant obesity. as the number of missed doses (above 15% of the total number of doses during the study) or more than 7 consecutive days without treatment.
It was an open-label study. The study protocol was not registered at clinicaltrials.gov and was not approved by the Institutional Review Board, but it was conducted according to the guidelines stated in the Declaration of Helsinki and was approved by the local bioethics commission. All subjects were informed about the aim of the study and gave their written consent.
Measurements of anthropometric and biochemical parameters were performed before starting metformin and at the end of the study, after 6 months of treatment. Metformin (at a mean dose of 1124.1 ±523.1 mg/d) was taken with meals to minimize gastrointestinal side effects. Individual doses were adjusted to body fat content. Overweight patients followed the regime of 500 to 1500 mg/d, and those with obesity took the dose of 1000 to 2550 mg/d according to drug tolerance. Patients were treated with the original metformin formulation.
Lifestyle parameters, including eating habits (daily intake of carbohydrate exchangers, glucose levels below 60 mg/dl accompanied by loss of consciousness requiring emergency treatment) in the past 3 months, recurrent diabetic ketoacidosis (more than 2 episodes in the past year), pregnancy or sexual activity in women who simultaneously refused to take birth control. Patients with renal impairment (based on the value of estimated glomerular filtration rate of less than 60 ml/min according to the Modification of Diet in Renal Disease formula) and liver disease (aminotransferases levels higher than twice the upper normal limit) were also excluded from the study. study design and protocol All patients were hospitalized for 1 week to optimize insulin therapy, conduct screening for complications, provide re-education, and assess patients' ability to comply with the study protocol. Then, therapy was introduced. An outcome visit was scheduled no earlier than after 6 months of treatment (FIGurE 1).
Ambulatory control visits were scheduled every 8 weeks of treatment. During control visits, patients returned pill containers and were asked about their current insulin dose, missed tablets, and side effects. Poor compliance was defined tAbLE 1 Characteristics of the studied groups at the beginning of the study Metabolic parameters at baseline Combined therapy (metformin and insulin) n = 33
Control group (insulin only) n = 19 The Glicacor kit (Exocell, United States) was used to determine glycated LDL levels. All laboratory tests were done at baseline and at 6 months. The average daily glucose levels were calculated with a 7-point glucose daily profile on the day before admission as well as at the control visit, measured by sensory technique using a patient's glucometer.
statistical anlysis Normality was tested using the Shapiro-Wilk W test. For normal distribution of variables, the t test was used (for 2 independent and dependent variables). The Mann--Whitney U test (for 2 independent variables) and the Sign test as well as Wilcoxon matched pairs test (for 2 dependent variables) were used for nonnormal distribution of the variables. The results are presented as mean ± standard deviation (SD). To optimize the statistical analysis, we provided an additional parameter illustrating the reduction of glycated LDL, namely the ratio of glycated LDL2 to glycated LDL1, which in a multiple regression model were associated with the levels of fasting plasma glucose (FPG), postprandial plasma glucose (PPG), and average daily plasma glucose (ADPG) at baseline as well as with the differences in the above parameters during follow-up. A multivariate analysis was performed using logistic regression. The statistical significance was established when P value was less than 0.05. The statistical analysis was performed using the STATISTICA 8.0 software.
rEsuLts Randomization was 1:1, but 2 patients in the metformin group and 14 in the control group were lost to follow-up (68 patients were recruited; 52 patients completed the study).
frequency of meals) and exercise (type of exercise and weekly physical activity) were obtained using a patient survey. The systolic and diastolic blood pressures were recorded twice by the Korotkoff method in a sitting position after 5-minute rest. The laboratory analyses were as follows: the fasting and postprandial (2 h) venous plasma glucose levels were assessed with routine laboratory tests; HbA 1c was measured using high--performance liquid chromatography. Quantitative assessment of alanine aminotransferase (ALT), aspartate aminotransferase (AST), triglycerides, total and HDL cholesterol was performed by the enzymatic colorimetric method using the Cobas 6000 system (Roche Diagnostics, Germany). LDL cholesterol levels were measured indirectly using the Freidewald formula (with its exceptions). Plasma samples were collected from patients after an overnight fast. Oxidized LDL was measured using the Mercodia kit (Sweden). Abbreviations: LDL1 -low-density lipoprotein at baseline, LDL2 -low-density lipoprotein at the end of the study, others -see tAbLE 1 FIGurE 2 Plasma levels of glycated low-density lipoprotein in the group treated with combined therapy Abbreviations: SE -standard error, others -see tAbLEs 1 and 2
On the other hand, oxidized LDL was not affected either by insulin or combined therapy.
dIscussIon The novelty of our study is the assessment of oxidized and glycated LDL and their comparison in obese patients with type 1 diabetes treated with metformin and insulin vs. insulin alone. This issue has been poorly documented in the literature. The profiles of transported lipids in type 1 diabetes are characterized not only by their increased levels but also by aberrant patterns. 1,10-12 Exogenous insulin treatment, especially in obese patients with type 1 diabetes, may lead to insulin resistance. 9 In patients with type 2 diabetes, treatment with biguanides sensitizing cells to insulin led to a reduction of atherogenic lipid fractions. 8, 13 The effects of biguanides in type 1 diabetes were also investigated in numerous trials. 9,14 However, there are only few reports on the effect of insulin/metformin vs. insulin alone on plasma lipoprotein levels in obese patients with type 1 diabetes, 9 and the results from those studies are inconclusive. The different levels of mean blood glucose, FPG, and PPG between the compared groups were the major confounding factor. Differences in glucose levels may affect plasma lipoprotein concentrations.
1 Furthermore, the differences between the groups that received hypolipidemic pharmacotherapy should also be considered. In our study, the groups were not different in terms of lipid parameters at baseline. Subjects who required lipid-lowering treatment continued it with unchanged regimen during the 6 preceding months as well as during the study. At the end of the study, triglycerides and glycated LDL (final result) were decreased in patients treated with insulin/metformin in contrast to those who received only insulin. In addition, all subjects showed a reduction of glycated LDL, triglycerides, and BMI during follow-up as a result of combined therapy. This was due to metformin-mediated reduction of the body weight and improved glucose control (decrease A total of 52 subjects (27 women; 25 men) with a body mass index (BMI) of 28.6 ±3.2 kg/m 2 , HbA 1c of 8.7% ±1.7% (72 ± [-5] mmol/mol), FPG of 178.5 ±71.9 mg/dl, PPG of 201.0 ±62.2 mg/dl, and ADPG of 162.9 ±40.8 mg/dl were randomized into insulin/metformin and insulin groups (tAbLE 1). There were no differences between the groups in terms of eating habits and physical activity profiles. Patients randomized to the metformin group initially differed from the subjects in the control group by a higher BMI. The results after 6 months of therapy are presented in tAbLE 2.
A decrease in HbA 1c levels, FPG, PPG, triglycerides, glycated LDL (FIGurE 2), and BMI was observed in the metformin group during follow-up (tAbLE 3). A similar decrease was not reported in the control group with the exception of a trend toward a reduction in triglyceride levels (120.9 ±55.0 mg/dl vs. 80.4 ±32.2 mg/dl, P = 0.059). A reduction in glycated LDL as well as the level of glycated LDL measured at the end of the study (the final result) were correlated with a decrease in PPC (r = -0.3 and r = -0.28, P <0.05, respectively). The ratio of glycated LDL (at the end of the study) per glycated LDL (at baseline) was significantly associated with the differences (between both time points) in PPG, -0.01805 (95% confidence interval [CI], 0.031 to -0.005) and ADPG, 0.026 (95% CI, 0.001-0.05).
A multivariate analysis (including age, statin use, BMI ratio [the ratio of BMI at the end of the study to BMI at baseline], LDL ratio, HBA 1c ratio), performed using logistic regression, confirmed that the reduction of glycated LDL was associated with the reduction of HBA 1c during follow-up (0.011; standard deviation, 0.006; Wald parametric test, 4.023; P = 0.045; Exp (B), 0.061).
During follow-up, a decrease in BMI, triglycerides, glycated LDL, ADPG, FPG, PPG, and HbA 1c was observed in the metformin group. Additionally, at this time point, there were significant differences in BMI and triglycerides between the metformin and control groups. Surprisingly, glycated LDL decreased only in the metformin group. Abbreviations: see tAbLE 1 confirm the results of this study, a large clinical trial is required.
of FPG, PPG, ADPG, and HbA 1c in the metformin group). To explain this, we should compare patients with the same absolute reduction in FPG, PPG, ADPG, and HbA 1c from the metformin vs. control groups. Unfortunately, the small number of subjects undermines the reliability of such comparison. However, we provided the ratio of glycated LDL (at the end of the study) to glycated LDL (at baseline), which was significantly associated with the absolute reduction of PPG or ADPG in the entire study population. Thus, it cannot be excluded that the absolute decrease in glycated LDL in the group treated with combined therapy may depend on the absolute reduction of plasma glucose, an effect which was not observed in the group treated with insulin alone. This was confirmed in a multivariate analysis. Logistic regression indicated lower ratio of HBA 1c at the end of the study to HBA 1c at baseline (reduction of HBA 1c during follow-up) as an important, independent, and the only factor responsible for the reduction of glycated LDL (among other parameters described in the Results section). Finally, it cannot be excluded that the reduction of glycated LDL levels is a direct consequence of metformin use, which results in the lowering of the pool of triglycerides transported by LDL, thus leading to an improvement in the lipid profile. This effect has been proposed previously and remains highly debatable. 15, 16 A reduction in oxidized LDL was not observed in any of the groups, also in comparison with the baseline values. This is particularly disappointing, especially in the metformin group, considering the antioxidative properties of metformin. 17 Both glycated and oxidized LDL are highly atherogenic. 18, 19 Therefore, type 1 diabetic patients treated with combined therapy who have lower levels of glycated LDL and unchanged levels of oxidized LDL compared with subjects receiving insulin monotherapy should have slower progression of atherogenesis, lower cardiac risk, and fewer cardiac events. For this reason, those patients should have the benefit of combined metformin/insulin therapy. We are aware of several study limitations, which are mainly related to the size of the study groups as well as a considerable dropout rate. There may also be errors in the measurement of plasma lipoproteins. However, this study represents a pioneering endeavor in terms of research into the synergistic effect of combined metformin/insulin therapy compared with insulin monotherapy on the plasma levels of oxidized and glycated LDL in type 1 diabetic patients with concomitant obesity.
To summarize our findings, during follow-up, we observed a decrease in triglycerides, BMI, and glycated LDL in subjects treated with insulin and metformin. We conclude that this effect was caused by better glycemic control and an increase in tissue insulin sensitivity among patients treated with metformin as concomitant medication. A significant decrease in oxidized LDL levels in both study groups was not observed. To
